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Small ao~o~u~mo~ary collat al vessels arising from t 
bracbioce~~al~c, bro~cb~a~  intercostal arteries are fre- 
quently observed at cardiac catheteriza 
ne a cavopu~mo~ary na 
e prevalence and clinical 
vesse!s are ~~~~ow~. In 
cavopuknonary connectio 
without preservation of an e 
ber, pulmonary bloo ow is passive snd dependent on iuw 
puimona.ry vascular istance and elevated pressure in the 
thorarcir, g+!stemic veins. Even patients well compensates 
postoI;eratively have decreased rest cardiac index, reduced 
abilit,, to increase cardiac index with exercise and subsran- 
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0 1993 by the American C. rllege of Cardiology 
iqmes (4% a greater u 
r,ta9ding of the prevalent 
uimo*lary coiiatera! 
posribk dettii5ca’2d ei?e 
vessels would be ~a~~ab~e. In 
we review mr chical ex ence with these vessels 
catheterization an 
undergoing catheterization after a bidirecrionril 
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Fontan procedure b tween January 1,1988 and February 29, 
1992 were reviewed. The following studies were excluded: 
1) electrophysiologic r limited studies without collection Of 
hemodynamic and angiographic data, 2) patients undergoing 
emergency postoperative catheterization ~4 days postoper- 
atively, and 3) patients with a primary diagnosis oftetralogy 
of Fall& or pulmonary atresia with intact ventricular sep- 
tum. We noted the primary cardiac diagnosis; the presence 
or absence of pulmonary valvular atresia or anomalous 
puimonary venous drainage, or both; previous pulmonary 
artery dilations; previous thoracis surgical procedures, and 
hemoglobin immediately before cavopulmonary connection 
procedure for each patient. Data recorded from each cathe- 
terization included the number and site of angiograms; 
pulmonary and caval pressures, and oxygen saturation, 
hemoglobin a d oxygen consumption when avaiiable. Pul- 
monary artery oximetry samples that may have been par- 
tially wedged (determined by comment onthe catheteriza- 
tion report or by measured mean pressure similar to that of 
the pulmonary venous atrium) were xcluded. We chose the 
largest difference in oxygen saturation between the superior 
vena cava and either pulmonary artery as the maximal 
step-up in oxygen saturation. 
Pulmonary angiograms from a!! patients with a diagnosis 
of aortopulmonary collateral vessels were reviewed for areas 
lacking anterograde p rfusion (filling defects) and for evi- 
dence of retrograde unopacified perfusion (“washout”). We 
defined acollateral vessel as one arising from the arterial 
circulation that had a discretely identifiab!e ngiographic 
origin, perfused the pulmonary parenchyma and opacified 
the pulmonary arteries or veins, or both. An angiograpbic 
example ofmultiple collateral vessels arising from the right 
internal mammary artery and causing retrograde opacifica- 
tion of the right pulmonary artery is shown in Figure 1. The 
cross-sectional area of each identifiable collateral vessel was 
estimated by comparison of the vessel diameter with the 
known diameter ofcatheters present in the angiogram. We 
measured the catheters that were used In the vessels from 
whicch the coilateral vessels originated when at all possible 
and averaged the two diameters obtained by measurement in 
orthogonal views when collateral origin was clearly identi- 
fied in both anteroposterior and lateral views. When it was 
possible to securely identify asingle distinct collateral vessel 
in multiple angiograms performed during same catheteriza- 
tion, a!! values obtained uring the catheterization were 
averaged to further refine this estimate. We noted the vessel 
of origin and the vessel in which the angiographic catheter 
was positioned. Collateral vessels were quantified by three 
techniques: the presence or absence of an\’ collatera! ves. 
se!% as noted in the catheierization report, the number of 
collateral vessels identified and the tota! estimated cross- 
SeCtiOna! area of co!!atera! vessels. Angiograms in which 
cO!!atera! vessels were visualized but were ambiguous with 
respect to origin or distribution of biood flow were not 
included inthe analysis of collateral vessel size and location. 
Figure 1. Example of angiographic findings in a patient with exten- 
sive collatera: plexus arising from the right internal mammary 
artery. Top, Right subclavian giogram with opacification f col- 
lateral vessels arising from multiple points of origin. Mid&, Retro- 
grade passage of contrast medium into the right pulmonary artery. 
Bottom, Levophase of right pulmonary venous drainage. 
Siatistical techniques (Table 1). Data were anaiyzed by 
patient, by catheterization a d by individual collaterai vessel 
using the Statgraphics statistical package. Variables selected 
for analysis n eac!l group are presented in Table 1. Contin- 
uous data were compared using the Student’s unpaired t test 
in the case of normally distributed data or the Wilcoxon 
rank-sum test; categorical data were analyzed using contin- 
gency table analysis. Univariate analysis was performed 
using linear egression where appropriate. For purposes of 
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e 1. Variables Analyzed in the Current Study 
Patient characteristics 
Date of operation 
Age at operation 
Primary cardiac diagnosis 
Prior surgical procedures 
Type of operation (bidirrcQonal Glenn VT. Fontan) 
Preoperative hemoglobin 
Presence of valvular pulmonary atresia 
Presence of anomalous pulmonary venous connection 
Presence at any postoperative catheterization of diagnosis of collateral 
vessels 
Performance at postoperative catheterization of a pulmonary artery dilation 
Catheterization data 
Date of catheterization 
Age at cctheterization 
Type of operation (bidirectionai Glenn vs. Fontan type) 
Interval from operation to catheterization 
Presence of diagnosis of collateral vessek 
Number of identdiable collateral vessel, 
Esiimaltd cross-xoikmai iiici? of iollaieiiii Lesseli 
Aorlic and superior vena cava saturation 
Superior vena cava pressure 
&.diai :i,dix 
Maximal step-up of oxygen saturation 
Hemoglobin 
Presence of an upper pulmonary lobe filling defect 
Presence of “wash-iii” of unopacified blood on pulmonary angiogram 
Number cf angiograms performed in the ventricle. aorta, subclavian 
arteries. pulmonary arteries. superior vena cava and selective arttrial 
irliections 
Collateral vessel data 
Site of angiogram 
Origin of collateral vessels 
multivariate analysis, categoric data were recoded, and 
stepwise multiple regression was performed. 
were trea!ed lisbk Xesuirs of stepwise multiple regression 
are reported as F value and probability. 
atielat (Table 2). A total of 268 catheteriza- 
tins were reviewed in 196 patients: 158 patients with a 
Fontan procedure (median age at operation 4.7 years, range 
0.Y to 32.1; median age at catheterization 5.4 years [range I. I 
IO 3Y.41) and 5 I patients with a bidirectional Glenn procedure 
(median age at operation I.9 years [range 0.5 to 24.11: 
median age at catheterization 3.9 years [range 0.6 to 24.81). 
Thirteen patienrs were studied after both procedures. Sixty- 
three patients with a Fontan procedure had surgical fenes- 
tration of the atria! baffle, which was later closed at cathe- 
terization. The median interval from operaticn to 
catheterlzstion was 132 days (range 4 to 4,696) in the Fontan 
group and 298 days (range 6 to I.425) in the bidirectional 
Glenn group (p = 0.0085). Diagncses and previous thoracic 
operations in the two study groups are listed in Table 2. 
Patients who had undergone a bidirectional Glenn procedure 
iagmses and Previous Ogerations in the Study Patients 
-- 
Patients 
Bidirectional 
Glenn Fontan 
Procedure procedwe 
NO. Gr) (17,) p Value 
-.--- _ 
Primary diagnosis 
Single left ventricle 66 27 
Tricuspid atresia EO 24 
Double-outlet right ventricle 47 ?2 O.OO1i6 
Nypoplastic left heart 17 .!O 
syndr0me 
Unbalanced complete AV 6 8 
canal 
Secondary diagnosis 
VaPvular pulmonary atresia 39 23 ?I 0.8946 
Anomalous pulmonary venous ‘II 8 5 0.6209 
connection 
Previous 0pcrations 
Blalock-TauWg \huot (CkiSSk IO7 70 55 0.09’7 
or mcldifkd) 
.Any aortopulmonary shunt 120 47 67 O.iO18 
P.ny thoracic operaticw 1’6 x9 87 0.4455 
Mksing lhra 16 
,.jV = a~j-~mw,‘-:-~ iar,.,,.I ,I,L” 
were more likely to have had a diagnosis of hypoplastic left 
eart syndrome or singlt: ventricle with atrioventricular 
and a ~o~s~gflifica~t trend was also in this 
c prior surgical creation of an sort onary 
The presence of ao~to~~lrnQ~ collateral vest-els was di- 
agnosed in at least one posto ative catbeteri.!~tio~ in 71 
(36%) of 196 patients. 
Neither the preoperative c ac diagnosis nor tke pres- 
ence of pulmonary atresia w9s associated with a post- 
operative diagnosis of aortopulmonary collateral vessels 
by univariate analysis. Univariate analysis revealed that 
I) patients studied after a bidirectional Glenn proc 
were mare likely to have collateral vessels (33 [65%] 
patients) than were those studied after a Fontan proc 
I); 2) patients who had 
ig shunts were more !ikely to 
1 of 108 patients) than were 
those who had never bad any thoracic operation (5 [IS%] of 
28 patients; p = 0.0045) or those who had had a thoracic 
operation other than a 5~a~ock-Taussig shunt (I 3 [27%] of 35 
patients; p = 0.0126): and 3) paGents with anomalous con- 
nection of the pulmonary veins as a component of their 
diagnosis were more !ikely to have collateral vessels (8 [73’%1 
of 11 patients) than were those wi;hiiit anomalous connec- 
tions (63 [34’S] of 885 parien!s: o = 8.0374). 
Stepwise multiple regression to predict a postoperative 
diagnosis of collateral vessels yielded a best 
ing the foliowing variables: type of operatio 
Glenn vs. Fontan procedure) (F = 21.25; p < 
numbe- of previous Blalock-Tau?sig shunts (F = 16.20: p = 
0.0001) and younger age at the time of cavopulmonary 
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Table 3. Hemodynamic Data Obtained During Catheterization in the Two Study Groups 
Bidirectional Glenn Procedure Fontan Procedure 
ho Collateral No Collateral 
Vessels Collateral Vessels p Value Vessels Collareral Vessels 
S\‘C saturation (%) 55.6 + 8.6 60.3 + 6.7 0.@74 58.6 + 9.9 57.9 t 8.9 
Aortic saturation (%) 78.5 f 8.2 84.6 z: 5.0 0.0002 88.9 5 8.5 85.7 + 6.8 
Cardiac index (IitersImin per m2) 3.27 + 1.44 3.28 2 1.13 NS 2.49 i 0.73 2.79 2 0.93 
Maximal step-up (% O2 set) 0.4 t 5.6 8.0 f 8.4 O.!NlO4 3.? ” 7.2 ?.? 2 I!.6 
SVC (mm Hg) pressure 13.0 + 4.7 12.0 + 2.5 NS 13.2 C 4.0 14.0 t- 4.0 
Values are expressed as mean value + SD. % OZ sat = perce... II* oxygen saturation; SVC = superior vena cava. 
I, Value 
_- 
NS 
0.0170 
NS 
O.O!X! 
NS 
anastomosis (F = 15.92; p = 0.0001). Of the chosen vari- 
ables, age at operation and type of operation were signifi- 
cantly correlated (p= 0.0049), reflecting a trend during the 
study period in our institution toward performance of the 
bidirectional Glenn procedure as a staged repair in younger 
patients. 
Analysis by CR~~~~~ri~a~~~~. In 95(37%) of 268 catheter- 
izations reviewed, a diagnosis of collateral vessels was 
recorded. In almost one third of these cases, no discrete 
collateral vessels that mek our definition were identifiable for 
estimation f cross-sectional area. Of the 54 (20%) of cath- 
eterizations in which at least one discretely identifiable 
collateral vessel was recorded, an average of 4.4 + 2.4 
collateral vessels were identified, with an average estimated 
total cross-sectional area of 10.7 4 7.2 mm*. For compari- 
son, the theoretical cross-sectional area of a 4-mm modified 
Blalock-Trdssig hunt is 12.6 mm* 
A breakdown of hemodynamic data by surgical status and 
presence orabsence ofdiagnosed collateral vessels is pre- 
sented in Table 3. Arterial saturation i  the group with t e 
bidirectional Glenn procedure was lower than that in the 
group with the Fontan procedure. Moderate desaturation 
was also noted in the Fontan group, with a significant 
number of catheterizations performed in that group for the 
purpose ofclosure of a baffle fenestration (63 of 191,33%) or 
other esidual right o left shunt. In the bidirectional Glenn 
group, the presence ofcollateral vessels was associated with 
higher aortic and superior vena SWR satarrations compared 
with levels in patients without collateral vessels. An increase 
in the maximal step-up in oxygen saturation was noted from 
the superior vena cava to the distal pulmonary artery in the 
patients with collateral vessels (maximal step-up 8.0 t 8.4% 
vs. 0.4 5 5.6%; p = 0.0004). In the Fontan group, the 
presence ofcollateral vessels was associated with a slight 
decrease in aortic saturation and an increase in maximal 
step-up from the superior vena cava to the distal pulmonary 
artery (maximal step-up 9.7 t- 11.6% vs. 3.7 r 7.2%; p < 
O.OOOl). 
Stepwise multiple regression f hemodynamic and angio- 
graphic variables was performed topredict the diagnosis of
collateral vessels, the total number of collateral vessels 
identified and the total collateral rea measured. The results 
are presented in Table 4. Increased maximal step-up of 
oxygen saturation from the superior vena cava to t istal 
pulmonary artery was the most consistent predictor of a 
diagnosis ofcollateral ves among all patients an 
rmance of a bidirectio 
rather than a Fontan procedure. increased caval pressure 
and saturaaion and, in ihe Fontan group. increased cardiac 
index were als,o significant predictors. Both the number and 
. Results of Stepwise Multiple 
Hemodynamic anil Angiographic Data on Diagnosis of Collateral 
Vessels and Estimated Total Cross-Sectional Area and Plumber of 
Collateral Vessels 
Predictor Variable Coefficient F Value p Value 
Diagnosis of Collateral Vessels 
All patients (df = 84) 
Maximai step-up (%C& sat) 0.030 27.35 o.oO@o 
Type of operation 0.311 10.33 0.0019 
SVC saturation 0.017 7.66 0.0070 
SW pressure 0.034 4.46 0.0376 
Bidirectional Glenn procedure (df = 26) 
Maximal step-up (% O? sat) 0.038 13.26 0.0012 
SVC saturation 0.024 5.56 0.0262 
Fontan procedure (df = 57) 
Maximal step-up (% O2 sat) 0.024 14.45 0.0004 
Cardiac index 0.183 7.61 0.0078 
Estimated Total Cross-Sectional Area of Collateral Vessels 
Bidirectional Glenn procedure (df = IO) 
Maximal step-up (% O2 sat) 0.696 
SVC saturation 0.774 
No. of Collateral Vessels 
8.20 0.0143 
5.17 0.0421 
Bidirectional Glenn procedure (df = 12) 
Upper pulmonary lobe defect 
__- 
3.128 8.05 0.0150 
Vaikbles included m regression analysis: dale of catheterization. age at 
catheterization. interval from operation lo catheterization, type of operation 
(bidirectional Glenn = I: Fontan = 2). aortic saturation, SVC saturation, 
maximal step-up (%02 sat). hemoglobin. cardiac index, SVC pressure, upper 
pulmonary lobe defect (absent = 0, present = I), pulmonary “wash-in” 
(absent = 0. present = I). Diagnosis of collateral vessels is coded (no 
collateral vessels = I, collateral vessels = 2). Estimated total cross-sectional 
area of collateral vessels is in square millimeters per catheterizaticn. No 
model reached signiiicance for all patients or for patients with a Fontan 
procedure for either total area or number of cal!ateral vessels isee text). df = 
degrees &freedom: uther abbreviations as in Table 3. 
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25 
I 
axirnal Stepup 
in 0, Saturah3 (%) 
No Defect Deiect 
re 2. Left, Maximal oximetric step-up from superior vena rava 
lstal pulmonary artery plotted against estimated total area of 
collateral vessels in all patients with a bidirectional 
Presence or absence of an upper plahnonary 
t on pulmonary angiogsam plo!ted against estimated 
total area of aortopulmonary collateral vessels in all patients with a 
bidirectional Glenn shunt. 
estimated total area of aQ~o~~~~o~lary collateral vessels 
were weakly predicted by the presence of an 
filling defect on pulmonary angiograpky, 
not statistically significant. 
procedure, the numbe f coliateral vessels was 
by the presence of an upper lo 
area of collateral vessels was 
of oxygen saturation and cav’rl 
between the number of collateral 
of an upper lobe defect and the total area of collateral 
aud maximal step-up are presented in Figure 2. 
ient degrees of freedom were present for an 
s for number aid total area of c 
vessels. 
Analysis of the predictive value of maxim& saturation 
step-up from the superior vena cava to the pulmonary artery 
showed that a step-up of >5% ha4 a sensitivity of 57%, a 
specificity of 73% and a positive predictive ~1~6: of 55% for 
the diagnok of aortopulmonary collateral vessels. The 
presence c:’ both a maximal step-up of >5% and an upper 
lobe filing defeLt oi? pulmonary angiography had a sensitiv- 
ity of 62%, a specificity of 75% and a positive predictive 
value of 82% for total collateral area of >6.3 mm’ (equiva- 
lent to half ihe area of a 4-mm Biaiock-Taussig shunt). 
We further analyzed our data subset of those patients 
who underwent multiple catheterizations during the study 
period (48 patients with 60 pairs of sequenilai catheteriza- 
tions performed amean [k SD] of269 + 212 days apart). Of 
these paired catheterizations, 34 (57%) demonstrated the 
pnsecee CL .U. F Yateral vessels on the two cathe- 
terizations. Of the 26 patients wi eral vessels on 
the first catheterization, 6 (23%) had collateral vessels dem- 
onstrated on the subsequent study. Of the 34 patients with 
one or more vessels coil 
rements sh ~w.3.l a 
collateral vessels (t3.3 If: 3 
vidual collateral vessels were 
vessels Of origin of these collateral vessels are presented in 
. The ra?ajr?rity of co~~a~era~ vecsels ai-ose from t 
mammary arteries and the th 
in the subclavian 
plosis ves- 
mber of aoriograms 
. In the subgrciiip Gf a!! 
>.5%, collateral vessels were diagnosed in 86% of cases in 
which at least one selective art gram (subclavian artery or 
more peripheral) was perform but in only 8% of cases 
without any selective angiography (p < 0. 
Of the 192 collateral vessels arisii!g from the brachioceph- 
alit vessels, only ?8 (9%) were visualized on aortography, 
whereas 77 (40%) were visualized bysubclavian angiography 
(p < O.Ww)olj and 114 (59%) by injection performed in the 
internal mammary arteries or the thyracervica! rteries (p < 
e collaterai vessels identified by 
r investigated by sel 
reana?yzed these data and exclude 
ever visualized on aortography (105 of 279 
remiiiing i74 collateral vessels were seen on 
ubclavian or mQre distal 
Out a diagnosis Qf coil 
osed because of ins 
angiographic study. 
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of all ao~opu~~onary 
is study. ht. = inter- 
This retrospective observational study revealed that an- 
giographically diagnosed aortopulmonary chest wall collat- 
eral vessels were present at 37% of catheterizations per- 
formed in patients who had undergone either a Fontan or a 
bidirectional Glenn procedure. Of these patients, many of 
whom underwent catheterization multiple times and for a 
variety of indications, 36% had collateral vessels diagnosed 
in at least one catheteriz&ion. Collateral vessels were asso- 
ciated with the following: I) presence of a bidirectional 
Glenn as opposed to a Fontan procedure, 2) history of one or 
more Blalock-Taussig shunts, 3) step-up in oxygen satura- 
tion from the superior vena cava to a distal pulmonary 
artery, 4) presence of an upper lobe filling defect on pulmo- 
nary afl~io~ra~hy, and 5) age at operation. Age at 
was highly correlated with the type of procedure p 
diagnosis that included anoma 
ection was weakly associat 
ral vessels but only by univ 
sis. 
ration 
rmed. 
To minimize right atria! and caval pressures. p~l~lo~a~y 
biood Row should consist exclusively of deoxygenated sys- 
temic venous blood. Any admixture of ox 
blood via a left to right shunt may be 
because it will provide a source of ineffective pulmonary 
blood flow that will compete for a fraction of the limited 
pulmonary blood flow. We identified a large subgroup of 
patients who had postoperative left to right shunts of un- 
Table 5. Arterial Angiograms in the Study Patients 
No Collateral Collateral Bidirectional Glenn Fontan 
Angiogram Vessels Vt?SSClS Procedure Procedure 
--._- 
Ventricle 92 (0.58kase) 4 I (0.46kase) 52 (0.72kase) 8 I (0.46kase) 
Aorta 82 (0.52kase) 78 (0.871case) 49 !0.68/case) I I I (0.68kase) 
Subclavian artery I3 (0.08kase) 60 (0.67kase) 36 (0 5Olcase) 37 (0.2llcase) 
Total i87 (I.l8/case) 179 ( I .Ekase) 137 (1.9Okase) 229 (I .30lcase) 
All arterial angiograms are tabulated against ?he presence or absence of collateral vessels by angiographic 
diagnosis. Chi-square = li.44 for categorical analysis of patients with no co!lat.eral vessels versus collateral vessels, 
p = O.ooOl. Difference in the total number of arterial angiogramslcase between patients with no collateral vessels and 
collateral vessels was significant; p < 0.0001 by unpaired t test. Chi-square = 7.72 for categorical analysis of 
bidirectional Glenn versus Fontan procedure, p = 0.0210. Difference in the total number of arterial ngiogramskasc 
between bidirectional Glenn and Fontan procedure was significant; p = 0.0017 by unpaired t test. 
vessels observed tetralogy of F 
conclusion is supported by the data in Ta 
that the group whhout collateral vessels was studied angio- 
graphically in a manner less likely to reveal such vessels. 
Proper c~ass~~cat~~~ of such false negative findings would be 
possible in a prospective study using standardized angio- 
graphic techniques. 
TRis bias in angiographic technique may also partially 
account for the differences noted between analysis of those 
patients with a bidirectional Glenn versus those with a 
Fontan procedure. Although the majority of patients with a 
bidirectional Glenn procedure underwent catheterization fen 
preoperative evahtatisn according t~ a relatively standard- 
ized protocol, the patients with a Fontan procedure under- 
went catheterization for a variety of Pndications, inctuding 
the persistence of a right to left shunt (most 
surgically created fenestration in the Fontan ba 
pulmonary artery distortinn, stenosis of a Fontaa conduit in 
older patients and atrial arrhythmias. The angi@~rapbic 
findings in the Fontan gxup rcfieci this hetcrogeneitj ; fewer 
subclavian angiograms and fewer total arterial angiograms 
than an patients hit 
ogy and the 
patients with less fa 
a subgroup sf our s 
C 
on after 1988 in 
without fenestrati of the intraatria 
ossible source of bias in this stu 
~eas~rerne~t of collateral vessels. A 
marker devices in tine 
ences in relative magn 
the marker device ca ces in the position 
relative to cathode ai;d ~~te~s~fie~~ as well as ditTerences in 
the incident angle of the ci~ea~giograpbic beam. Our study is 
again limited by its retrospective nature, in which catheters 
of recorded French diameter were usually the only ra- 
e available for measurement. 
now the true diameter of these 
collateral vessels, we cannot assess whether 
errors might have been systematic. Became 
same techniques for all study angiop 
that systematic errors might be relat 
or ts certain cksses of patients, 
alt 
namlc effects of a collaterai-borne s 
F~ntan patient groups with a bidire 
Cardiac index was higher in the b 
than in the Fontan group. Patients with a bidirectional Glenn 
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procedure and Lortopulmonary coilateral vessels had higher 
aortic and caval saturation levels than did those without 
collatera! vessels while maintaining an apparently un- 
changed cardiac index. Although this finding May be consis- 
tent with increased pultm~~. , mrv blood flow, which is presum- 
ably carried by the collateral vessels, measurements of caval 
saturation and cardiac index may be spuriously overesti- 
mated by the regurgitation of collateral-borne arterial blood 
into the superior vena cava. The apparent increase incardiac 
index did not result in an elevation of caval pressure, 
suggesting either that total pulmonary blood flow did not 
increase significantly or that a margin of reserve existed for 
some increase inpulmonary blood flow due to their left to 
right shunt, without significant increase in caval pressure. 
Alternative explanations for the lack of change in caval 
Frcssure include 1) decompression of the superior vena cava 
by accessory venous pathways, or2) trivial volume of the 
left to right shunt borne by the collateral vessels, or both. 
Decompression of the superior to the inferior vena cava by 
accessory veins would necessarily cause an increase in right 
to left shunt and might not explain the elevations inaortic 
saturation bserved. In patients inthe subgroup with dense 
retrograde filling of the pulmonary arteries and near- 
systemic oxygen saturation i  the distal pulmonary artery, a
“trivial” left to right shunt would seem unlikely. 
This collateral-induced increase inpulmonary blood flow 
in patients with a bidirectional G enn procedure may be 
deleterious, advantageous r inconsequential. The increase 
in both t&al and meffective pulmonary blood flow that 
results from aortopulmonary collaterai vesseis wi!! con!inue 
to impose a v&me load on these functionally single ventri- 
cles and may accelerate he development of ventricular 
dysfunction or AV valve regurgitation, or both. Alterna- 
tively, if the volume of pulmonary blood flow during early 
development helps t0 drive normal pulmonary vascular 
development and proliferation, then conditions, however 
“pathologic,” that increase pulmonary blood flow toward 
normal may be beneficial. Additionally, if the development 
of pulmonary arteriovenous malformations, which have 
been oted after a bidirectional Glenn shunt procedure (1I), 
is due to the exclusion of hepatic venous blood from the 
lungs, then a small admixture of arterial blood into the 
pulmonary circulation may prevent the development of hese 
malformations. Given the known predilection for arterio- 
venous malformations to occur in the lower pulmonary lobes 
i12I and for aortopulmonary collateral vessels to opacify and 
therefore perfuse the upper lobes, one might speculate har. 
these may be linked phenomena. 
En patients with a Fontan procedure, the presence of
collateral vessels was associated with a lower aortic oxygen 
saturation a d nonsignificant i creases in cad pressure anu 
cardiac index. Again, measurements of cardiac index based 
on caval oxygen saturation must be interpreted with caution. 
Our data suggest that excessive pulmonary blood ilow in 
these Patients resulted in increased right to left shunting, 
which cotId occur by mea;ls of baffle fenestrations r 
residual interatrial defects with increased caval 
ased mismatch of ventilation a d perfusion (13-W 
The collateral vessels de- 
m the ~rach~0ce~bal~s ves- 
sels. In contrast tcthe aberrant vessels observed intetra!ogy 
of Faiior Wilil puhmom atresia, which have no normal 
counterparts, these vess 
precapillary anastomoses between bro 
temic arteries that are normally p
(10,16-18). These vessels 
to inflammatory stimuli, s
pulmonary artery ( 16). 
Excessive proliferation f br0nchia.l coliateral vessels in 
patients with chronic cyanosis with uilre~~red congenital 
stght to left shunts and cystic fibrosis has been implicated in
iethal bemoptysis, and endovascular cll~~~l~~ati 
niques have been successfully used ifor that i 
(10,19). Case reports (9,25) of aortopulmonary 
vessels in ntherwise healthy adults have do 
icant left to right shunts associated with 
Appropriate herapy for the collateral ves 
this study is unknown, and because of 
precisely quantifying the left to right shuut carried by this 
type of vessel, our understanding of their clinical signift- 
cance is still anecdotal. Successful occlusion of these vessels 
by embulization in the cath~ter~~?at~~~ laboratory using Gi- 
anturco coils and surgical f0ua~, ._ -., trraci been demonstrated and 
carries arelatively ow risk (4,526). Angiographic evidence 
from this study suggests that embolization of collateral 
vessels decreases the number and total area of collateral 
vessels observed on subsequent catheterization; however, 
angiographic elimination f the collateral vessels may fail to 
abolish or even substantially reduce the volume of shunted 
b!ood, as assessed by the oximetric step-up. We have 
commonly observed multiple redundant sources of collateral 
blood flow supplying anastomotic networks of vessels, 
which must be occluded atall sources before flow through 
collateral pathways is eliminated. Other investigators (10,27) 
have also noted the extensive collateralization of the di?ial 
arborizations of the internal mammary, intercostal, lateral 
thoracic and bronchial rteries. 
In many individual patients in our study group the loca- 
tion of coilatelrll vessels eemed ipsilaterally e ated to the 
side of prior sh:lnt placement. Although we initially analyzed 
our data with rLspeit o previvus ipsilatetal nd c0~tratat~r~~~ 
surgical proceoures, there was not a significant association 
between the rrumber or density of collateral vessels in a 
given lung field and the side of the surgical thoracotomy. The 
lack of statistical association may have been due to the fact 
that all of these patients had had at least one midiiue 
procedure before study or that inadequate numbers in our 
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obscured this reelation statistically or that there 
were other factors in collateral formation for 
kers (e.g.. p-qw- 
ary probiefns in rhe 
This ~et~~s~e~t~ve~ descriptive study Mers 
avoidable #mrtcomings: The diagnosis of 
aortopulmorlary collateral vessels is somewhat arkitrari. the 
s highly ~e~e~~e~t on tee 
variables, and the h 
quantified using sta 
rassment. ~eteroge~eou admixture of artery blood to 
~l~~~ary circulatio via collatrraB vessels ay lead 
nificant step-ups i dis?al pillmonary artery oxygen 
saturation and coGId lead to inaccurate est~~at~~~ of pul- 
monary blood w and vascular resist2 Nrkough clo- 
sure of these se?f is safe and not di It with current 
catheterization techni ues. indicarions %r c!os~~e are still 
unknown. 
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